Key indicators: single-crystal X-ray study; T = 173 K; mean (C-C) = 0.010 Å; disorder in main residue; R factor = 0.048; wR factor = 0.112; data-to-parameter ratio = 15.5. metal-organic compounds m534 Reichert et al.
The title compound, [FeZr 2 (C 5 H 5 ) 4 Cl 2 (C 13 H 18 B 2 )], is a heteronuclear complex that consists of a [3] ferrocenophane moiety substituted at each cyclopentadienyl (Cp) ring by a BH 3 group; the BH 3 group is bonded via two H atoms to the Zr atom of the zirconocene chloride moiety in a bidentate fashion. The two Cp rings of the [3]ferrocenophane moiety are aligned at a dihedral angle of 8.9 (4) arising from the strain of the propane-1,3-diyl bridge linking the two Cp rings. [One methylene group is disordered over two positions with a siteoccupation factor of 0.552 (18) for the major occupied site.] The dihedral angles between the Cp rings at the two Zr atoms are 50.0 (3) and 51.7 (3) . The bonding ZrÁ Á ÁH distances are in the range 1.89 (7)-2.14 (7) Å . As the two Cp rings of the ferrocene unit are connected by an ansa bridge, the two Zr atoms approach each other at 6.485 (1) Å . The crystal packing features C-HÁ Á ÁCl interactions.
Related literature
For ZrÁ Á ÁB distances, see: Edelstein (1981) . For information about the coordination behaviour of mono-and ditopic ferrocenylhydroborates toward [Cp 2 ZrCl] À , see: Reichert et al. (2013a) . For synthetic details, see: Reichert (2013) ; Reichert et al. (2013b) .
Experimental
Crystal data [FeZr 2 (C 5 
Data collection
Stoe IPDS II two-circle diffractometer Absorption correction: multi-scan (MULABS; Spek, 2009; Blessing, 1995) T min = 0.791, T max = 0.849 29348 measured reflections 5885 independent reflections 3926 reflections with I > 2(I) R int = 0.102 Refinement R[F 2 > 2(F 2 )] = 0.048 wR(F 2 ) = 0.112 S = 0.94 5885 reflections 379 parameters H atoms treated by a mixture of independent and constrained refinement Á max = 0.60 e Å À3 Á min = À1.22 e Å À3 Table 1 Selected bond lengths (Å ).
Zr1-Cl1 2.506 (2) Zr1-B1 2.551 (6) Zr2-Cl2 2.4616 (17) Zr2-B2 2.593 (7) Table 2 Hydrogen-bond geometry (Å , ). Symmetry codes: (i) Àx þ 2; y þ 1 2 ; Àz þ 3 2 ; (ii) Àx þ 2; Ày; Àz þ 1.
Data collection: X-AREA (Stoe & Cie, 2001); cell refinement: X-AREA; data reduction: X-AREA; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: XP in SHELXTL (Sheldrick, 2008) ; software used to prepare material for publication: SHELXL97 and publCIF (Westrip, 2010).
Figure 2
Perspective view of the title compound 3. Displacement ellipsoids are drawn at the 50% probability level. H atoms bonded to C and the minor occupied site of the disordered methylene group omitted for clarity. Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > σ(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
[µ-3,3′-Bis(trihydroboryl)[3]ferrocenophane]bis(chloridozirconocene)
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) 
0.0720 (12) 0.0670 (12) 0.0716 (12) 0.0177 (10) 0.0230 (9) 0.0177 (9) Cl2 0.0657 (12) 0.0649 (12) 0.0770 (12) 0.0187 (9) −0.0121 (10) −0.0046 (10) 
0.058 (4) 0.038 (3) 
32.8 (2) C13-C14-C15 107.0 (6) C25-Zr1-C29 106.1 (2) C13-C14-Fe1 68.6 (4) C26-Zr1-C29 53.9 (2) C15-C14-Fe1 69.4 (4) C22-Zr1-C29 158.5 (3) C13-C14-H14 126.5 C21-Zr1-C24 54.6 (2) C15-C14-H14 126.5 C30-Zr1-C24 99.8 (2) Fe1-C14-H14 127.0 C25-Zr1-C24 32.4 (2) C11-C15-C14 110.0 (5) C26-Zr1-C24 115.9 (2) C11-C15-Fe1 71.3 (3) C22-Zr1-C24 54.1 (2) C14-C15-Fe1 69.2 (3) C29-Zr1-C24 114.6 (2) C11-C15-H15 125.0 C21-Zr1-Cl1 93.9 (2) C14-C15-H15 125.0 C30-Zr1-Cl1 128.60 (17 Cl1-Zr1-C23 92.96 (15) C7-C6-H6C 66.3 C21-Zr1-C28 135.5 (2) H6A-C6-H6C 141.8 C30-Zr1-C28 53.9 (2) H6B-C6-H6C 47.7 C25-Zr1-C28 132.6 (2) C7′-C6-H6D 107.4 C26-Zr1-C28 53.9 (2) C3-C6-H6D 107.4 C22-Zr1-C28 155.6 (2) C7-C6-H6D 137.9 C29-Zr1-C28 32.4 (2) H6A-C6-H6D 49.7 C24-Zr1-C28 146.9 (2) H6B-C6-H6D 60.9 Cl1-Zr1-C28 87.65 (18) H6C-C6-H6D 106.9 C23-Zr1-C28 170.0 (2) C8-C7-C6 122.0 (10) C21-Zr1-C27 105.3 (2) C8-C7-H7A 106.8 C30-Zr1-C27 53.0 (2) C6-C7-H7A 106.8 C25-Zr1-C27 116.8 (2) C8-C7-H7B 106.8 C26-Zr1-C27 32.0 (2) C6-C7-H7B 106.8 C22-Zr1-C27 124.4 (2) H6C-C7-H7B 96.1 C29-Zr1-C27 53.4 (2) H7A-C7-H7B 106.7 C24-Zr1-C27 147.9 (2) C6-C7′-C8 121.6 (12) Cl1-Zr1-C27 76.04 (17) C6-C7′-H7C 106.9 C23-Zr1-C27 156.8 (2) C8-C7′-H7C 106.9 C28-Zr1-C27 32.4 (2) C6-C7′-H7D 106.9 C21-Zr1-B1 138.1 (3) C8-C7′-H7D 106.9 C30-Zr1-B1 111.4 (2) H7C-C7′-H7D 106.7 C25-Zr1-B1 117.8 (3) C7-C8-C13 116.7 (7) C26-Zr1-B1 135.8 (2) C13-C8-C7′ 114.7 (7) C22-Zr1-B1 112.7 (3) C7-C8-H8A 108.1 C29-Zr1-B1 82.6 (2) C13-C8-H8A 108.1 C24-Zr1-B1 87. (2) C31-C35-C34 107.9 (7) C40-Zr2-H2A 116 (2) C31-C35-Zr2 73.5 (4) C34-Zr2-H2A 136 (2) C34-C35-Zr2 72.5 (4) C38-Zr2-H2A 121 (2) C31-C35-H35 126.0 C36-Zr2-H2A 87 (2) C34-C35-H35 126.0 C39-Zr2-H2A 141 (2) Zr2-C35-H35 119.8 C37-Zr2-H2A 90 (2) C37-C36-C40 106.7 (7) C31-Zr2-H2A 88 (2) C37-C36-Zr2 74.2 (4) C33-Zr2-H2A 138 (2) C40-C36-Zr2 73.0 (4) C32-Zr2-H2A 106 (2) C37-C36-H36 126.7 C35-Zr2-H2A 104 (2) C40-C36-H36 126.7 B2-Zr2-H2A 29 (2) Zr2-C36-H36 118.1 Cl2-Zr2-H2B 132 (2) C36-C37-C38 109.3 (7) C40-Zr2-H2B 125 (2) C36-C37-Zr2 73.7 (4) C34-Zr2-H2B 120 (2) C38-C37-Zr2 73.2 (4) C38-Zr2-H2B 80 (2) C36-C37-H37 125.3 C36-Zr2-H2B 97 (2) C38-C37-H37 125.3 C39-Zr2-H2B 113 (2) Zr2-C37-H37 119.6 C37-Zr2-H2B 71 (2) C39-C38-C37 107.6 (8) C31-Zr2-H2B 77 (2) C39-C38-Zr2 74.1 (4) C33-Zr2-H2B 92 (2) C37-C38-Zr2 74.2 (4) C32-Zr2-H2B 66 (2) C39-C38-H38 126.2 C35-Zr2-H2B 108 (2) C37-C38-H38 126.2 B2-Zr2-H2B 30 (2) Zr2-C38-H38 117.6 H2A-Zr2-H2B 60 (3) C40-C39-C38 108.0 (6) supplementary materials sup-13 . E69, m534-m535 C1-B1-Zr1 136.9 (5) C40-C39-Zr2 73.3 (4) C1-B1-H1A 111 (4) C38-C39-Zr2 73.4 (4) Zr1-B1-H1A 56 (4) C40-C39-H39 126.0 C1-B1-H1B 112 (3) C38-C39-H39 126.0 Zr1-B1-H1B 52 (3) Zr2-C39-H39 119.1 H1A-B1-H1B 108 (5) C39-C40-C36 108.3 (7) C1-B1-H1C 113 (4) C39-C40-Zr2 74.2 (4) Zr1-B1-H1C 110 (4) C36-C40-Zr2 73.8 (4) H1A-B1-H1C 111 (5) C39-C40-H40 125.8 H1B-B1-H1C 101 (5) C36-C40-H40 125.8 C11-B2-Zr2 130.5 (5) Zr2-C40-H40 118.1 C11-B2-H2A
112 (4) Hydrogen-bond geometry (Å, º) 
